UNCLASSIFIED

AD NUMBER

AD852875

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors; Critical Technol ogy; FEB
1969. Ot her requests shall be referred to U. S
Arny Mobility Equi pnrent Research and

Devel opnent Center, Fort Belvoir, VA 22060.
Thi s docunent contains export-controlled

t echni cal dat a.

AUTHORITY

USAMERDC Notice dtd 15 Jul 1977

THISPAGE ISUNCLASSIFIED




ADS85287O

AD

Report No. 6
RESEARCH DN ELECTRDCHEMICAL ENERGY CONVERSION SYSTEMS

Interim Tachnical Report

By
R. T. FDLEY, D. H. BOMKAMP,

and W. R. BAIRD

February 1969

To
J. 8. ARMY MDBILITY
£

EQUIPMENT RESEARCH AND DEVELDPMENT CENTER

Fort Belvoir, Virginie

Prepared By
The American University

Washington, D. C.

Contract No. DA-44-009- AMC-1386(T)

DA Project/Task Arsa/Work Unit No. 1T061102A34A 00 023 EF

DD C
!—!'T:;.I_h Iteill _”_\;
L v 2 pocg IL:'
1 : {l




- Best
Available
Copy




AD

Report No. 6
RESEARCH ON ELECTROCHEMICAL ENERGY CONVERSION SYSTEMS

Interim Technical Report

By
R. T. FOLEY, D. H. BOMKAMP,

end W. R. BAIRD

STATUUINT g2 UKcLassTFRyuary 1969

This decuzers 1
transeittal
made oniy wiih priss

“pect ol expert confrols and each
ar forcien AY¥tionals may ba

EQUIPMENT RESEARCH AND DEVELOPMENT CENTER

Fort Belvoir, Virginia <~

' Prepared By
The American University

Washington, D. C.

Contract No. DA 44.009- AMC-1386(T)

DA Project/Task Area/Work Unit No. 1TO61102A34A 00 023 EF




SUZAARY

——

The investigation of electrochemical enersy conversion systems
has involved two specifie tasks. The first has dealt with measure-
ments of tha solubility of oxygen in orgenic liquids whiceh mipght
provide the basis for high energy batteries. The solubllity of
oxygen in y-butyrolactone is 5.5 ml/100 ml, in prapylene carbonate,
1.7, in dimethyl sulfoxdde, 3.7, and in N-nitrosodimethylamine, 6.6,
The physical method used for these determinations gives results about
2,75 low when compared with literature values for the solubi’ity
of oxygen in water. o change in solubility was observed in butyro-
lactone due to the presence of added eloetrolyte - up to 0.8 M
lithium perchlorate,

The second task deals with the mathematical analysis of electro-
chemical energy conversion devices. Attention was given to the
- solution of kinetic equations describing the hydrogen-deuterium
exchange of an hydrocarbon on a catalytie surface saturated with
deuterium. Kinetic expressions for a five step successive reacticn
for methans are solved by matrix techniques. These techniques should
be converdiently handled by a digital computer and the expressions can
be correctad for temperature, flow rates, and other experimental

paramataers.
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k. Objective

In the third prozreas report (1) on this project the corcept
snd theorstical sdvsntagzes of the alr elecircde were dlscusced,
To intsrpret ths expsrimentsl results fros nass transport cone
siderstions it is necessary to inow the solubility of Oz in
propylens cartonats., To correlita cur results with those cbtained
in other systems At is required {o krow the solubdlity of oxyzen
in organic solvents such ss Y-butyrolacteons, dimethyl sulfoxids,
dimsthyl forramide, snd Z.nitrosodirethyla-ine. A survey of the
literature failed to yleld the pertirant dats on the solutdlity

2
wis reagured in s nunbter of organic sclverts,

of O, in these sclvents, For thess ressons ths solubllity of © A

B. Solubility of Gsses in liguids

Thers have been rany approactes 1o the explsnatiorn of gaa
solubility in liquids 4dncludins vsrisus ways of treating the
experimental dsta, Scme of these sre discussed in the momograph
by Hildebrand snd Secott {2). Nons of the appresches have been
universslly azplicable.

Une of the rore successful treatrents of aclubility data
utilizes a plot of log L (Csswald absorpticn coefficient*)

sgainst ~ (aclvent sirface tensicn) for a given gas ir 2

* L= v‘lV’ wvhere v 18 volute cof zaa abscried ard ‘-’. is voluzs

of solvent sbeorbing.
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1) The solvont is depassed. This ia accomplished by vscuum distilla.
tion using the lestor-Faust spinning band distillation column, The dis-
tillate is collected in & flask which is then attached to the iop of the
absorption epparatua via e ground glass fitting.

2) The U-portion connecting the two burettes is filled with pure
solvont until the liquid stands at the zero level in both buruttes.

3) The axygen gsa is flowed throuch the two bure‘‘es to completely fill
them and to ssturate the U~ portion of solvent.

4) Both columna of gas sre returned to atmospheric pressure and sll
outlets to tho atmosphere sre closed off,

5) The solvent in ths reservoir 1is alightly preasurited with hydrogen
to assume that it will flow into ths spparatus. This is done through s gss
inlst tuba connected to the sample resorvoir flask,.

6) The solvent is dripped into the shsorption spiral st s rate of about
2.5 ml/minute and oollected in & volumetric flask as it flows out of the
burette at tha same rate.

7) After oollsoting some appropriate volume in ths volumetrio flssk,
auch aa 100 ml, the turettes sre drained until the none-absorption sida
reads 0,0 ml, This indicates that that side is at atmospheric pressure.

Tha amount of solvent above 0,0 in tha sbsorption sida is ths amount of
02 shsorbed; this muyat be sddsd to tho volume collactad.
B. Results and Disouasion

One important modification made in the apusratus over that deseribed
by Horrison and Billett (9) involved the usa of a slight pressure head to
maintain a flow of solvent inte absorbin: burette., Thia pressuriting gas
will be absorbed to somo degres and then will be rcleased into tha spiral.

Thir obviously decreases the obeerved solubility of oxygen in the organie




e

liquid by some magnitude, If the pressurizing gas is oxygen a large negative
error would be expected. If the pressurizing gas were NZ’ or Hz & smaller
error would be expectad and the question wae whether the error would be
small enough to be tolerated, To investigate this effect and also to
study the precision snd accurecy of the method, e number of experiments
were performed with water ss the solvent. These values ere reported in
Teble I. As expected, when 02 was used as the pressurizing pes the valuos
were quite low--by 58%. Although the pressurizing gas does not satursts
the water during the time of exposure in the reservoir, considerable gas is
sbsorbecd. A series of experiments with Nz a8 the pressurizing gés gave
results that were 7.1% too low while Hz produced an error of - 2.1%. The
nitrogen runs ere not replicates as certain improvements in techrnique were
introduced as the experimental work progressed. For example, in the early
work the elspsed time botween degessing the solvent and running the
axperiment was often several hours. Velues closer to the accepted ltera-
ture value were cbtained when the experiment was performed directly after
dagassing through vacuum distillotion. Experiments i3, Hl, and H2 were run
in this manner and the average coefficient, 0.0277, was lower than the
sccepted 0.02847 value (8) by 2.7%. The results given below for oxygen
solubdlities in the organic liquids should then be assumed to be low by
sbout 3F assuning thet the solubility behavior in these orgsnic solvents is
similar to that in uzo.

In Table II are givon solubilities of oxygen in ¥=butyrelactone,

propylone carbonate, direthyl sulfoxide, and S-nitrosodimethylamine.
\v
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dy usa of other teshniquos, traro expreccicns can be solved more efficiently.
B, [dsruscion

Solution of tha rate erprossions for a five step successive reaction
would te dezirablc in ordar to crealr a nodel for reacticns sich 25 the
succescive onn site exctinze of L for 4 in C.f“. When pgasesus Cii“ ie paaced
ovar a eatalytic surface which has been exposed to Dz cuch that all available
siter are assumed to bo occupled and only env exchange of U for H &s rmade
with ezch contact of the rnislecilo with the sirface, the reacticn iss

~ L, Yoot W, e Nowe w, o .}»-,, W, \\;1 c.\o,,

If 4t is aasumed that the rate of incrcase ol a deuterated spocles is pro-
portionzl only to tha nusber of rolocules of the lower deuterated speclaa
and the probability of transiticn from one spacie to the next higher
deutzrated gpecle, first order reactics Kinetics can be used for each

transition batween apocie and the rate expressicns are!

(1) obe oy

' W Y . e \\..}
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The aclutions for thess cxorossions are given in Appendix A end are:
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Larson and idall {(12) assumed the expressions (1) to be applicable
in the Hal exchange of C'riu on a deuterated silica-alumina saurface. In
the absence of the eolutions to all the rate expressions, the authors
solved the firet rate exgreseion for the value of kol and assumed that the
rate of exchange per hydrogen atom i= (%) kol' regardless of the molecule
reacting, d.€.y N, ¢ 3}‘\.‘\\&, ‘;\r\-,\,""fa.\f\.. 3-'“.11' \,‘1.'\-‘.. « This assumption
implies that the rate of H-D excharpe le constant, with a correction made
for the nunber of H's available., This assumption provided k values for the
receinder of the rate expressions which were then numerically evaluated
from the experirental data. The values calculated by tho authors using
thie technigue were ronsistent with the experinental values,

As & verification of the concentration expressions {2), the concen-
tration of esch of the deuterated species was caleulated using the
suthor’s calculataed value of kol and the assumotions .., ‘ftf‘-‘,,:\\‘-,‘ Y:.\.,,, .
XH‘ 71\., « The valeculated values agree with the experirental values within
ezperimental orrore, indicating that the assumptions regarding the k
values are reacorsble. iHowever, with the concentration expressions (2),
it would not hive been nscessary to rmake any assumntions regarding tho k

values, ae each Xk can be solved for independently using these exuressions,




Since tho probability of a H-D oxchange does appear to be
independent of the specle reacting, a binomial distribution of the
deuterated specles when at equilibriurln is suggested where | i
E*. 'T;tl%:;\‘_ ?“"“'\‘\d;‘i-qh" “ . The use of the binomizl dietribution
ia allowed by inspecting the marmer in which each of the deuterated
apecie is formed. For examplo, in orélor to form Dz, there rust have
been two contacts of the Ciiu moloculs with the surface in which an H-D
exchango occurrod, and two contacts with tho surface in which ap H-D
exchanze did not occur, If p=1/4 is the probability of any particular
Hof CHh exchanging on the surface, then the probabllity of two
successful oxchanges and two unsuccessful exchanges ia pz(l-p )2 =
(1/“)2(3/!&)2. tAnce the number of ways An which four H atome taken two
at a time can be arranged 1is :.—:\‘\Lj\ (v, the total probability of
forming D, is i -7:-,“-;&._«?»‘\*(‘/1\’:

The oalculated values &re

. 3.\\ .

— s 20k

T, T naa

CL = .o
T\:] = LAl
T S Ly

Tho mean number of i atoms exchanged is 4{1/4) =1

-18 -




When these probability values are expressed as a ratio:
feany o )
Mgy v s
e wyre. o0
GRS T O
RN v L ey
The equilibrium distribution of the deuterated speclos from ref(12)

are:
Ly WYy T4

R er, V2
(L oy e o
(LAWDY e, fune

(o0 me et

Thus far it has been assumed that on'r one HD exchange ean occur.
vhen a specle contacts the surface, If more than one H.D exchange can

occur on contact with the surface, the follewing diagram represents the

ways in which deuterated specles can be formed:
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when transitions betucen speeles other than by  enc rite exchanpes
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are urohiblied, the above expressions beeore Lldentierl o the previous
expressions,

C. sdatrixz Solution of Lifferential Zguations

The technique used to solve the differsntinl cguatlons var thal of
Ycompartment analysis" as intreduced by Heaueharp. (13,10).Ineh of the five
species of the methane reacticn is considered to be a “corpariment."  The
nurber of nolecules in ecach cormvartrment is a function of tire and the
probability of a transition of a nolccule into and from the compartrment.

At the memenbt the nechanien of trancition tetucen comuarirents is not
important, rather it is desired to ercate a mathoratieal rodel vhieh will
explain the ex:icrimental values. The model Lhen chonld deseribe the
nurhar of nolecules in cach cowpartient as a function of the sbove Liwo
variabler, It fullows that this nodel te ezact ant rigerour and be lared
oA ndninen nusber of a o riorl assusptions. Cnoe the cinel nodel
deternined, aonus tienr ean to catde bae e ocuveienl L% Lihoed, vall

approxlvatiins, ote. The strpozce of the oflort o to deterrine hoo U

cxporinental dawr can Ve oxpliined. Whe o oriioclaow 4% fo a Leart
squtee ery r fit ol e ey rihantnl waluere Lnee the rriact e

parareiors have teen dob reined, reclinions vhilel aps ecnsistenl wih
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the pararc: can Lo poswalsted. 107 b el erinontal data eun rot be
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D. Cenclusiens

Exact expressions have boen dorived for H-D oxchange of mothane
on a surface of adsorbed deutarium, Whilo tho expressiena are awkward
to hendlo, valid approximations are available which wlll ease
calculations.

From the symmetry of the expreasiona for the multiple aite exchenro,
it appears that the expreaaions for othor moleculee can bo deduced with
a minimum of caleulations,

There are asveral advantagea to thia methed of aclving kinetio
sxpressiena over calculua methods. In particular the matrix operations
can bo conveniently handled by a digital computer, not only te derive
the concentration exprossiona but also to substitute gxperimental valuoa
inte the rate expresaions, Also in the matrix form, perturbation
matricea can be inoluded to apply any necossary corroections for tempera-
ture, flo+ ratea, ete., without disturbing the original rate censtant

expressiona.
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